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NASA TT F-9841 

BRIGHTNESS VARIATION OF THE ECHO I SATELLITE * J B  

M.V,Bratiychuk and G.V.Moskaleva 

Photometric curves of t h e  s a t e l l i t e  "Echo If1 obtained photo- 

graphical ly  a t  t h e  S ta t ion  1055 (Uzhgorod) a r e  given. 

period of t h e  brightness var ia t ion  of "Echo 1" l a s t i n g  about 

severa l  seconds i s  discovered. 

t o  explain this phenomenon from t h e  character  of t h e  form of 

t h e  r e f l e c t i n g  surface of  the object .  

A shor t  

A preliminary attempt i s  made 

L' 

Sta t ion  No.1055 (Uzhgorod) has obtained a l a rge  number of photographs of 

t h e  t r a n s i t s  of t h e  Echo I satell i te,  by t h e  following method: t h e  photographing 

was s t a r t e d  with a prolonged exposure, which made poss ib le  a photometric inves- 

t i g a t i o n  of t h e  br ightness  var ia t ion  and t h e  detection of t h e  shor t  period of  

t h i s  va r i a t ion  - a period which proved t o  be sho r t e r  than t h a t  indicated i n  t h e  

l i t e r a t u r e  (B ib l* l ,  2, 3). 

Certain authors came t o  the  conclusion t h a t  t h e  br ightness  var ia t ion  o f  

Echo I had stopped (Bib1.1). 

found t h i s  conclusion t o  be untrue. 

apparent ly  has been varying a l l  t h e  time, but t h e  character  of this va r i a t ion  i s  

inconstant .  

smooth t r a n s i t i o n  from t h e  maximum t o  t h e  m i n i m u m  br ightness  t h a t  it could not 

be v i s u a l l y  detected. 

p l i e d  t o  short  segments of t h e  s a t e l l i t e  t r a j ec to ry .  

On a carefu l  ana lys i s  of t h e  ava i l ab le  f indings we 

I n  a c t u a l  f a c t ,  t h e  br ightness  of Echo I 

4 

A t  times t h e  var ia t ion  proceeded extremely slowly, with such a 

The same can be s a i d  of t h e  methods of photometry i f  ap- 

I n  t h e  present a r t i c l e  an attempt is made t o  explain t h e  nature  of t h e  

* Numbers i n  t h e  margin ind ica t e  pagination i n  the  o r i g i n a l  foreign text. 
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brightness  var ia t ion  of Echo I as a function of t h e  configuration of i t s  sur face  

and t h e  posi t ion of i t s  axis of ro ta t ion  r e l a t i v e  t o  t h e  observer. 

A s  i s  known, a man-made object,  on achieving an o r b i t ,  begins t o  revolve 

about i t s  a x i s ,  with t h e  axis of rotat ion being i n  precession o r  sometimes even 

"wobbling"; t h i s  has been described i n  several  s tud ies  based on observations 

made with t h e  a i d  of Soviet a r t i f i c i a l  e a r t h  s a t e l l i t e s  (Bibl.4). 

cuss here several  instances  of t h e  spin of bodies of d i f f e r e n t  shape w i t h  dif-  

f e r e n t  or ien ta t ion  of t h e  a x i s  of ro ta t ion  r e l a t i v e  t o  t h e  observer ( i n  a l l  

cases w e  assume t h a t  t h e  observer views t h e  r e f l e c t i n g  s e c t o r  of the  surface i n  

i t s  " fu l l  phase" ) . 

We w i l l  dis- 

Figure 1 shows a projectile-shaped body; p a r t  b of t h e  body i s  i n  t h e  

shadow. 

t i o n  and t o  t h e  longi tudinal  section o f  t h e  body. I n  t h i s  case, the brightness 

v a r i a t i o n  w i l l  be of t h e  form shown by t h e  adjoining curve. 

p r o j e c t i l e  surface r e f l e c t s  the  maximum l i g h t  i n  t h e  d i rec t ion  of  the  observer, 

while t h e  sec tor  a r e f l e c t s  l e s s  l i g h t  (shallow minimum) and t h e  sector  b i s  

completely unref lect ing (pr inc ipa l  minimum).  I n  case 2, t h e  observer i s  looking 

along t h e  &s of r o t a t i o n  of the  body and thus w i l l  not see  t h e  brightness 

var ia t ion .  I n  t h i s  case, t h e  adjoining curve i s  p a r a l l e l  t o  the  time axis. I n  

case 3, t h e  a x i s  of r o t a t i o n  i s  incl ined t o  t h e  l i n e  of s i g h t  a t  an angle c p ,  

where 0' < cp < 90'. Here, t h e  brightness var ia t ion  w i l l  be a function of rp, and 

t h e  s lope  of t h e  curve w i l l  a l s o  d i f f e r ,  depending on cp (one of the  possible  

curves i s  shown i n  t h e  graph). 

I n  case 1, t h e  l i n e  o f  s i g h t  i s  a t  r i g h t  angles  t o  t h e  a x i s  of rota- 

The sec tor  c o f  t h e  

I n  Fig.2 t h e  body surface i s  an ideal  sphere. Light i s  ref lected equal ly  

i n  a l l  directior,s. 

ever t h e  d i rec t ion  of t h e  l i n e  of s i g h t ,  t h e r e  w i l l  be no var ia t ion  i n  bright- 

Whatever t h e  posi t ion of t h e  axis of ro ta t ion  and what- /24 
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ness. 

Figure 3 shows a sphe r i ca l  body constructed of d i s c r e t e  two-dimensional 

polyhedrons each of which r e f l e c t s  l i g h t  l i k e  a plane mirror. Since a p a r a l l e l  

Fig.1 

beam from t h e  sun s t r i k e s  t h e  body surface, each plane mirror polyhedron w i l l  

transmit t o  t h e  observer i t s  own p a r a l l e l  beam of  r e f l ec t ed  l i g h t .  

w i l l  s e e  a r ap id  br ightness  va r i a t ion ,  o f  t h e  type shown by t h e  curve. 

The observer 

Then t h e  

n I 

Fig.2 

maximum br ightness  w i l l  correspond t o  t h e  pos i t i on  of t h e  polyhedron in which it 

r e f l e c t s  l i g h t  d i r e c t l y  toward t h e  observer. 

case,  t h e  br ightness  curve w i l l  retain a f ixed  slope, no matter what t h e  posi- 

t i o n  of  t h e  axis of ro t a t ion  w i t h  respect t o  t h e  l i n e  of s i g h t  might be. 

I n  this case, as i n  t h e  preceding 
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The spherical  body surface i n  Fig.4 cons is t s  of d i s c r e t e  curved segments 

taper ing of f  a t  both ends. The points a t  which these ends converge w i l l  be 

J 

termed t h e  poles of t h e  body. 

Fig.3 

Case 1): The axis of ro ta t ion  l i e s  i n  t h e  plane of  t h e  equator of t h e  body; 

t h e  l i n e  of sight is  a t  r igh t  angles to  t h e  plane of t h e  paper. 

I 

I - c  
' I  

b c d 

I ' t  

The observer 

Fig.4 

receives  re f lec ted  l i g h t  from t h e  sectors  a and b, which r e f l e c t  as spherical  

mirrors. 

during t h e  t r a n s i t  of this s e c t o r  across t h e  l i n e  of s ight .  

Since t h e  junctions converge i n  t h e  s e c t o r  b, a minimum i s  observed 

I n  t h e  course of a 

s i n g l e  complete revolution of t h e  body, two brightness minima and two m a w  are 
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observed. 

Case 2): The a x i s  of ro t a t ion  goes through t h e  body poles ,  and t h e  l i n e  of 

s igh t  i s  a t  r igh t  angles t o  t h e  plane of t h e  paper. 

ind iv idua l  s t r i p  w i l l  r e f l e c t  an iden t i ca l  amount of l i g h t  toward t h e  observer, 

each junct ion w i l l  s c a t t e r  l i g h t  t o  the  sides.  The s t r i p s  cause t h e  br ightness  

maxima,and t h e i r  junctions are responsible f o r  t h e  minima. 

p l e t e  revolut ion of t h e  body about i t s  ax is ,  n m a x i m a  and n minima w i l l  be  ob- 

served (n  = number of s t r i p s ) .  

A s  t h e  objec t  spins ,  each 

During a s ing le  c o w  

Case 3): The a x i s  of ro t a t ion  i s  inc l ined  t o  t h e  plane of t h e  equator, and 

t h e  l i n e  of s igh t  i s  a t  r i g h t  angles t o  t h e  plane of t h e  paper. 

sp ins ,  t h e  broad and t h e  narrow p a r t s  o f  t h e  s t r i p s  a, b, c, d, e are a l te rna te-  

l y  turned toward t h e  observer. Accordingly, a l t e r n a t i n g  broad and narrow maxima 

and minima w i l l  be observed on t h e  curve of t h e  brightness var ia t ion .  

As t h e  objec t  

The above discussion of  several d i f f e ren t  shapes of  a r t i f i c i a l  c e l e s t i a l  

bodies demonstrates t h a t  t h e  curves of t h e i r  br ightness  va r i a t ion  ind ica t e  t o  

some exten t  t h e  p a r t i c u l a r  s t r u c t u r e  of t h e i r  surface. 

t h a t  t h e  term "period of br ightness  variation" should be used with great  cau- 

t ion .  

spond t o  t h e  per iod of revolution of  the  body about i t s  axis.  

t h e  cases shown i n  Figs.3 and 4 (example 2)  t h e  per iod of revolution of t h e  body 

about i t s  axis can be determined as a function of  t h e  brightness of t h e  body /25 
only i f  the  number of segnents cons t i tu t ing  t h e  body surface i s  known. Fig- 

ures 5 ,  6, 7 present t h e  most cha rac t e r i s t i c  curves of brightness va r i a t ion  of 

Echo I. 

t h e  da t e  and time (UT) when obtained. The readings of t h e  galvanometer, while 

t ak ing  measurements with t h e  MF-2 microphotometer, are p lo t t ed  along t h e  ordi- 

Horeover, this shows 

A t  any rate, t h e  '?period of brightness var ia t ion?? does not always corre- 

For example, i n  

Below each curve we give the  number of t h e  photographic negat ive and 
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I nate ,  while t h e  time i s  p lo t t ed  along t h e  abscissa.  

Figure 5 shows t h e  curves of brightness var ia t ion  p l o t t e d  from t h e  photo- 

The s lope o f  t h e  graphs obtained i n  1960; Fig.6, i n  1961; and Fig.?, i n  1963. 

curves i n  Fig.6 d i s t i n c t l y  differs from t h a t  of t h e  curves i n  Figs.5 and 7. 

On t h e  t h i r d  curve i n  Fig.?, t h e  br ightness  va r i a t ion  is  almost negl ig ib le .  

The Table below presents  "periods of brightness variation",  i.e., t h e  time 

i n t e r v a l s  between successive maxima of this var ia t ion.  

TABLE OF PERIODS 

.. nepuow: 
n:1o 
5 .46 
3.82 
5 046 
7.64 
4 055 
6 .OI 
5 .IO 
4.91 

13Sep.60 
UT. 19'43'" 

nepuow: 
5% - 
1.95 
2 040 
2 .40 
1.95 
2 .IO 
4 .SO 
6 .OO 
7.20 

ne proxar: 
3579 
I1 022 

5 053 

24 Oct.60 
U.T.03'OIrn 

Per iod \ :  
4% 
4.32 
5 .94 
3.24 
7.83 
6 075 
4.32 
3.24 
5.67 
5 094 
4.59 
6.38 
4.84 
5 .so 
2.85 
4.94 
3.99 

neprom: 
2z97 
4 .a 
3.17 

I2 OCt.61 
. U.TOIh2Im 

- c r i e d  -- 
s:se 

16.74 

6 .SI 

12 QCt .61 
U.T. 03h 24m 

13.95 

, . P Z L O d j :  
8!0S 
11 *XI 
9.44 
16.48 

I 2  Oct.61 
U.T.03h27m 

P e r i o d  1: 
7!11 
3.65 
6 w27 
8.81 

I O  .40 
I O  *40 

163bn.61 
U.T. 17h35m 

nepnom: 
5 z68 
4.41 
3 w60 
4.18 
3 e02 
3.13 
4.18 
I .uo 
6.89 

I8 htI.63 
U.T. 17h42m 

neprom: 
5!78 
5 .IS 
5 .I5 
4.46 

nepmom: 
5tI6 
4.64 
2 w58 
30% 
3.78 
8.77 
4 030 
6.19 
2.41 
4.72 

1.53 
1-38 
2.30 
3.52 
4.28 
1.48 
2 w43 
1-48 
3 w24 
2 .02 
3.51 
4.46 

2.14 

-A_---- 

Period  F 
5 110 
4.08 
3 .74 
3 w06 
5.61 
2 3 5  
6 029 
5.10 
5 w78 
3.74 
1.97 
3.35 
6 w 3 0  
4.92 
3.35 
4.14 
4.33 
5 -91 
5 w71 
4.92 
5 .32 
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It can be seen from this Table t h a t  t h e  per iods of br ightness  va r i a t ion  

cannot be accura te ly  defined. It i s  clear, however, t h a t  these  per iods a r e  ex- 

tremely shor t ,  of t h e  order of  a f e w  seconds. 

a '?period" of t h i s  order have been published (Bibl.3). Assuming a per iod of 

4 - 5 sec,  t h e  complete period of revolution of t h e  sa te l l i t e  about i t s  a x i s  

w i l l  be 4 x 82 = 328 sec o r  5 x 82 = 410 sec, i.e., 5 min 28 sec o r  6 min 50 sec 

o r  roughly 6 min [according t o  another report  (Bibl.S), t h e  surface of  t h e  

Echo I s a t e l l i t e  has been assembled from 82 segments]. 

visually determine with g rea t e r  exacti tude t h e  per iod of  revolution of t h e  

satel l i te ,  owing t o  t h e  s c a t t e r i n g  of po in ts  on t h e  curve o f  br ightness  varia- 

t i on ,  apparent ly  caused by d i s to r t ions  on t h e  r e f l e c t i n g  cover. 

ment of t h e  s a t e l l i t e  r e f l e c t s  as a mirror, then d i f f e ren t  s lopes of t h e  bright- 

ness va r i a t ion  curve and d i f f e ren t  periods w i l l  be observed, depending on t h e  

pos i t ion  of t h e  s a t e l l i t e  a x i s  of ro ta t ion  with respect  t o  t h e  l i n e  of s igh t  

(cf .  Fig.&). 

Several  curves f o r  determining 

It i s  not poss ib le  t o  

If each seg- 

Thus, t h e  photometering o f  t h e  photographic t r acks  of d i f f e r e n t  ob jec t s  

may revea l  much about t h e  objec ts  themselves, 

Uzhgorod i s  continuing i t s  photometering of d i f f e r e n t  ob jec ts  and plans t o  de- 

velop s p e c i a l  observat ional  methods. 

To this end, t h e  s t a t i o n  i n  
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